The 2-cyanoacrylate inhibitors are a potent class of herbicides which block electron transfer in photosystem II. The spatial arrangem ent o f different functional groups are an im portant factor in determining activity and a number of derivatives have been used as stereospecific probes of the secondary quinone binding site. More than one region of stereoselectivity in the binding site has been identified which influences the interaction with specific groups of the in hibitor. We have studied the interaction o f various stereoisomers of the cyanoacrylates with the binding site in the D 1 protein (residues Leu 210 to Val 280) by determining the nonbonded intermolecular energies between the modelled structures calculated by van der Waals and elec trostatic interactions after energy minimization of the combined structures to reduce inter and intramolecular strain and have found that the results reflect the experimentally determined data.
Introduction
The reaction centres of Rhodobacter sphaeroides and Rhodopseudomonas viridis are mechanistically analogues of photosystem II (PS II) in higher plant chloroplasts [1] . In both PS II and the bacterial reaction centres, a photon o f light causes the oxi dation of a special reaction centre chlorophyll, with the resultant transfer o f an electron to a tight ly bound quinone (QA) which is then oxidized by a secondary quinone (QB) to form a stable semiquinone QB~. A second photoreduction results in a second electron transfer to QB producing a fully re duced quinol which diffuses away from the reac tion centre. Photosynthetic [42] , Energy min imization was performed using steepest descents and conjugate gradients algorithms successively until the average first derivative was less than 0.005 kcal m ol-1 angstrom-1. The cancellation of the nonbonded interactions between atoms after a specified cutoff distance was not carried out du ring minimization in order to achieve a more accu rate final structure. A dielectric constant of one was employed throughout the study. A sphere of 8 angstrom radius around each functional group of the cyanoacrylate was used to calculate the non bonded interaction energy between the herbicide and individual amino acid residues of the binding site.
Results and Discussion
We have previously demonstrated that the ß-z'so-propyl substituent of compound 1 required rotation by -1 0 0° from the crystal structure in or der to minimize repulsion from the Ala 251 and Asn 267 residues within the ß-group binding pock et which in turn aided in the alignment of the aralkyl group within its binding niche [42] . We proposed that this was due to mutual repulsion be tween the hydrogens o f the methylene group of the aralkyl substituent and the a-methyl group of the ß-substituent. The repulsive energy generated by In the S' configuration, the methyl o f the isopropyl ß-substituent and the chiral a-methyl are trans with respect to the enoate plane (Fig. 1) when the ß-substituent is in the rotated conformation. This minimizes the mutual repulsion between the methyl functions but a repulsive energy of + 1 1 . 2 kcal mol-1 with the chiral hydrogen is still evident. As with the non-chiral compound 1 this ensures that the aralkyl substituent is orientated within its hydrophobic binding niche and the ß-substituent is tightly bound within its highly re strained pocket formed by the Ala 251 and Asn 267 residues (Fig. 2) . The net improvement in the intermolecular binding energy (-5 7 .5 kcal mol-1) offsets the repulsive energy between the two func tional groups of the inhibitor. In an earlier study we have found that the hydrophobic pocket enclosed by the aromatic residues Phe 211, Phe 255, Tyr 262, Tyr 265 and Phe 274 confers stereoselectivity on the 5-isomer of the a-methylbenzyl derivative of atrazine [43] . It may be significant that this is the a -m e t h y l' The chiral methyl group occupies a hydropho bic pocket within the receptor enclosed by the Ala 251, Leu 218 and Phe 255 residues. It has been re cognized that discrimination between the two enantiomers could be due to two possibilities. First ly, when the cyanoacrylate binds to the protein, the a-methyl substituent could be repulsed by an amino acid residue within the receptor when in the R-but not the ^-configuration. Alternatively, the a-methyl group in both configurations could inter act with the same binding pocket but this, by dif ferentially affecting the spatial configuration of other structural elements in the molecule relative to the receptor, could lead to one enantiomer being favoured over another. We propose that dis criminatory binding can be explained more easily by the latter theory. that the a-methyl group in both configurations acts to differentially affect the spatial configura tion of the ß-substituent in the molecule relative to the receptor, which leads to the S-isomer being fa voured over the ^-isomer. We have also investigated a reported second stereoselective region of the receptor which is in volved in binding the ethoxyether substituent of the cyanoacrylates. Here, the discrimination is against the S-isomeric form o f a terminal sec-butoxy group 4. Although the hydrogen bond be tween the ether oxygen and the Ser 268 hydroxyl side chain can be maintained, the chiral ethyl sub stituent is in direct conflict with the Glu 231 (33.8 kcal mol-1) and the His 272 (6.2 kcal mol-1) residues when in the S-conformation producing a relatively poor binding energy o f -1 3 .3 kcal mol"1. In the ^-conformation 5, the smaller methyl group occupies the niche enclosed by the same two resi dues which improves the interaction energy with each to -0 .7 kcal mol-1 producing a total intermo lecular energy of -5 2 .0 kcal m ol-1 (Fig. 4) . The differential binding activity between isomers can be explained in terms of a direct stereoselective in teraction between the protein and the groups around the chiral carbon.
It appears therefore that stereoselective binding is a complex process which can arise from confor mational changes to the inhibitor induced by the topography o f the receptor (at the ß-group binding pocket) as an indirect consequence of chirality, or by the direct interaction between two chiral re gions, one in the receptor, the other in the inhibi tor (the ether binding pocket).
